Introduction
Human immunodeficiency virus (HIV) is one of the major life threatening viruses that are spreading worldwide. AIDS is caused by the human immunodeficiency virus (HIV), which has developed into a global pandemic since the first patient was identified in 1981, making it one of the most destructive epidemics in history [1, 2] . The HIV prevalence among pregnant women attending antenatal clinics rose from 0.8% in 1990 to 30.2% in 2005 and declined slightly to 29.1% in 2006 [3, 4] .
Because of the fact that there is no vaccine, there are many obstacles in the AIDS treatment. Recently, the most prevalent treatment strategy for HIV infected patients is highly active antiretroviral therapies (HAART), which can prolong the lifespans and improve their life quality of infected individuals [5] . Current antiretroviral HIV/AIDS therapy involves the simultaneous administration of two or more antiviral drugs, typically chosen from two major classes: reverse transcriptase inhibitors (RTIs) and protease inhibitors (PIs) [6] . With the help of the antiretroviral therapy, patients can prolong the lifespan during which they are free of HIV-related symptoms and therefore improve their life quality. At least 3.0 millions of people have been saved in the United States, which highlights the significant advances made in HIV disease treatment [7] .
That is the reason why the early treatment of AIDS is very meaningful and of great urgency.
It is well known that mathematical modeling is a very important approach to understand the dynamics of any epidemic and to further develop various control and prevention policies [8, 9] . For the sake of the importance in biological meanings, dynamical properties of HIV/AIDS models and general theory on such dynamical systems have been studied by many authors in recent years [10] [11] [12] [13] and references cited therein. They propose mathematical models that described the interactions of the HIV virus, CD4 cells, and CTLs within host, and these mathematical models can provide some insights into the dynamics of HIV viral load in vivo and may play a significant role in the development of a better understanding of HIV/AIDs and drug therapies.
Huo and Chen [14] introduce an HIV/AIDS epidemic model with antiretroviral treatment and establish the idea that the global dynamics of the HIV/AIDS model are determined by the basic reproduction number 0 . They show that the early treatment of AIDS is necessary and meaningful. But they do not consider the compartments of HIV-positive individuals in the asymptomatic stage of HIV infection and the compartment of HIV-positive individuals in the pre-AIDS stage not receiving antiretroviral treatment. Yusuf and Benyah [15] present a deterministic model for controlling 2 Discrete Dynamics in Nature and Society the spread of the disease using change in sexual habits and antiretroviral (ARV) therapy as control measures and formulate a fixed time optimal control problem subject to the model dynamics with the goal of finding the optimal combination of the two control measures that will minimize the cost of the control efforts as well as the incidence of the disease. But they neglect the fact that some individuals with HIV-positive after the treatment can be transformed into the compartment of HIV-positive individuals in the asymptomatic stage of HIV infection, the compartment of HIV-positive individuals in the pre-AIDS stage, or the compartment of individuals with full-blown AIDS.
Motivated by the above, in this paper, we will divide the stage of the HIV infection into two stages, that is, HIVpositive individuals in the asymptomatic stage of HIV infection and HIV-positive individuals in the pre-AIDS stage. We also consider the fact that some individuals with HIV-positive after the treatment can be transformed into the compartment of HIV-positive individuals in the asymptomatic stage of HIV infection, the compartment of HIV-positive individuals in the pre-AIDS stage, or the compartment of individuals with full-blown AIDS.
The organization of this paper is as follows. In the next section, we propose an HIV/AIDS model. In Section 3, the existence and the global stability of equilibria are investigated. Some numerical simulations are given in Section 4. Some discussions are given in last section. 
The Model
The model structure is shown in Figure 1 . The transfer diagram leads to the following system of ordinary differential equations:̇=
For simplicity, denote 1 + 3 + = , 2 + 4 + = , 1 + 2 + 3 + 4 + 5 + + 2 = , 1 + 3 = ℎ, 2 + 4 = , and + 1 = , and then system (2) becomeṡ
where Λ is recruitment rate, is the natural death rate, 1 is the contact rate between the susceptible and the infected individuals. 2 is the contact rate between the susceptible and the pre-AIDS stages. 1 is the rate at which individuals leave the infection class and become individuals in the pre-AIDS stage. 2 is the rate at which individuals leave the pre-AIDS class and become individuals with full-blown AIDS. 3 is the rate at which an individual in the asymptomatic stage of HIV infection receives treatment. 4 is the rate at which an individual in the pre-AIDS stage receives treatment. 1 and 2 are the disease-induced death rates for individuals in compartments ( ) and ( ). 1 is the rate at which susceptible individuals change their sexual habits per unit time. 1 is the rate at which a treated individual leaves compartment ( ). 2 is the rate at which treatment of an individual with HIV fails. 3 is the rate at which an individual in the pre-AIDS stage is treated successfully. 4 is the rate at which tratment of an individual in the pre-AIDS stage fails.
5 is the rate at which treatment of an individual in the pre-AIDS stage fails. All the parameters can be found in Table 1 .
Basic Properties

Invariant Region.
It is necessary to prove that all solutions of system (2) with positive initial data will remain positive for all times > 0. This will be established by the following lemma. The proportion of the P class treatment failure 0.03 year
Lemma 1. The feasible region Ω defined by
The proportion of the P class treatment failure and seriousness 0.01 year
The disease-related death rate of the AIDS 0.0909 year
The disease-related death rate of being treated 0.0667 year
The rate of susceptible individuals who changed their habits 0.03 year −1 [15] Proof. Adding the equations of system (2), we obtain
It follows that
where ( Proof. Under the given initial conditions, we need to prove that the solutions of system (3) are positive [16] ; if not, we assume that there is a contradiction: there exists a first time
Positivity of Solutions
4 Discrete Dynamics in Nature and Society there exists a 2 such that
there exists a 3 such that
there exists a 4 such that
there exists a 5 such that
and there exists a 6 such that
In the first case, we have
which is a contradiction, so that we can derive that ( ) ≥ 0, ≥ 0. In the second case, we have
which is a contradiction, so that we can derive that ( ) ≥ 0, ≥ 0. Similarly, it can be shown that ( ) ≥ 0, ( ) ≥ 0, ( ) ≥ 0, and ( ) ≥ 0 for all ≥ 0. Thus, the solutions ( ), ( ), ( ), ( ), ( ), and ( ) of system (3) remain positive for all > 0.
Analysis of the Model
There exist one disease-free equilibrium 0 and one endemic equilibrium * for system (3).
Disease-Free Equilibrium and the Reproduction Number.
The model has a disease-free equilibrium given by
) .
In the following, the basic reproduction number of system (3) will be obtained by the next generation matrix method formulated in [17, 18] . Letting = ( , , , , , ) , then system (3) can be written as
where
The Jacobian matrices of F( ) and V( ) at the free equilibrium 0 are, respectively, The model reproduction number, denoted by 0 , is thus given by
Global Stability of 0
Theorem 3. The disease-free equilibrium 0 is globally asymptotically stable for 0 < 1 and unstable otherwise.
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Proof. According to [19, 20] , we introduce the Lyapunov candidate function
Differentiating ( ) with respect to time yieldṡ
Substituting the model equations into (22), we geṫ
With 0 = Λ/( + 1 ) and 0 = Λ 1 / ( + 1 ), we havė
In order to get the value of and Θ, we can use
From (25), we can calculate
Taking and Θ into (24), we can geṫ
Since
we can obtain
when 0 ≤ 1,
Whilė= 0, only = = = 0. Substituting = = = 0 into system (3), we can have → Λ/( + 1 ), → 0, and → Λ 1 / ( + 1 ) as → ∞. According to LaSalle's invariance principle [21] , the diseasefree equilibrium is globally asymptotically stable. 
Endemic Equilibrium
(31) Proof. To study the globally asymptotic stability of the endemic equilibrium, motivated by [22, 23] , we use a Lyapunov function as follows:
Global Stability of the Endemic Equilibrium
Applying the replacements *
the derivative of is given bẏ
Since ( ) satisfies the equation of the model with system (3), 
We choose the coefficients of , , , , and which are equal to zero; that is,
From (36), we have
From ( 
According to [24] , since the arithmetical mean is greater than or equal to the geometrical mean, then 2 
Numerical Simulation
In this section, we present some numerical simulations of system (3) to illustrate our results. To illustrate the analytic results obtained above, we give some simulations using the parameter values in Table 1 .
First, when 3 ̸ = 0, we choose 3 = 0.6, 4 = 0.4, numerical simulation gives 0 = 0.95047 < 1, and the disease-free equilibrium 0 is globally asymptotically stable (see Figure 2) . Figure 2 indicates the effect of treatment on stability of the equilibria of the HIV/AIDS infection model. At first, The number of patients who do not receive treatment is increasing constantly. After treatment, The number of patients is decreasing and tends to be zero at the end, which indicates that the spread of infection can be slowed down.
Second, we choose 3 = 0.51086, 4 = 0.4, numerical simulation gives 0 = 1, and the disease-free equilibrium 0 is globally asymptotically stable (Figure 3) . If we give a proper treatment, the number of individuals with AIDS/HIV will be controlled to some extent. Hence, the disease will be eradicated in the future.
Third, we choose 3 = 0.05, 4 = 0.4, numerical simulation gives 0 = 1.412, and the endemic equilibrium is globally asymptotically stable (Figure 4 ). Figure 4 indicates that when the basic reproduction is greater than one, as time goes on, the number of people finally tends to be constant, which means that the endemic equilibrium is globally asymptotically stable. Finally, we show the relation between 3 , 4 , and 0 . When the value of 3 and 4 is increasing at the time, the basic reproduction is reducing sharply. What is more, Figure  5 confirms that, with the increase in the rate of treatment, the number of individuals with HIV-positive and full-blown AIDS but not receiving treatment and who are receiving ARV treatment tends to zero, which indicates that treatment is important and can prolong their lives. 
Discussion
A mathematical model is proposed and analyzed to study the spread of HIV/AIDS with treatment. In this paper we have analyzed a stage structured model for HIV and the effect of treatment has also been studied. In the presented model, we get two equilibria: the disease-free equilibrium and the endemic equilibrium. We further consider global asymptotic stability of the disease-free equilibrium by using the wellknown Lyapunov-LaSalle invariance principal. It is found that the disease-free equilibrium is globally asymptotically stable when the basic reproduction number is less than one. When the basic reproduction number is greater than one and
